Cell cycle specific plasmid DNA replication in the nuclear extract of Saccharomyces cerevisiae: modulation by replication protein A and proliferating cell nuclear antigen.
Plasmid DNA replication in nuclear extracts of Saccharomyces cerevisiae in vitro has been shown to be S-phase specific, similar to that observed in vivo. We report here a reconstituted in vitro system with partially purified replication proteins, purified replication protein A (RPA), and recombinant proliferating cell nuclear antigen (PCNA). Nuclear extracts from S-phase, G(1)-phase, and unsynchronized yeast cells were fractionated by phosphocellulose chromatography. Protein fraction (polymerase fraction) enriched with replication proteins, including DNA polymerases (alpha, delta, etc.), was isolated, which was not capable of in vitro replication of supercoiled plasmid DNA. However, when purified yeast RPA and recombinant PCNA together were added to the polymerase fraction obtained from S-phase synchronized cells, in vitro plasmid DNA replication was restored. In vitro plasmid DNA replication with polymerase fractions from unsynchronized and G(1)-phase cells could not be reconstituted upon addition of purified RPA and PCNA. RPA and PCNA isolated from various phases of the cell cycle complemented the S-phase polymerase pool to the same extent. Reconstituted systems with the S-phase polymerase pool, complemented with either the RPA- and PCNA-containing fraction or purified RPA and recombinant PCNA together, were able to produce replication intermediates (ranging in size from 50 to 1500 bp) similar to that observed with the S-phase nuclear extract. Results presented here demonstrate that both RPA and PCNA are cell cycle-independent in their ability to stimulate in vitro plasmid DNA replication, whereas replication factors in the polymerase fractions are strictly S-phase dependent.